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Sections of 18 inch diameter pipe were deflected 5% of the initial
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I. INTRODUCTION

The investigation of protective coatings for corrugated metal
pipe was undertaken to develop a test procedure and to evaluate
various corrosion and abrasion resistant coatings for corrugated
metal pipe.

Asphalt has been used extensively as a protective c¢oating on
corrugated metal pipe. As a result of the recent environmental
improvement program, which has imposed stringent restrictions on
aixr pollution, the use of bituminous coatings whose application
to corrugated metal pipe requires heating, is becoming less
practical. Industries producing corrugated metal pipe are
developing new coatings which are economically competitive with
asphalt and whose application will reduce environmental pollution.

Four different coatings which were evaluated in this program are
as follows:

1. USS Nexon =- a coal tar-based laminate which through heat
and pressure is applied to galvanized steel culvert sheets.

2. Pioneer Culvert Magtic #1008 -- a cold applied asphaltic
mastic produced by Daubert Chemical Company.

3. Copoly-X -~ a two component, chemically reactive, filled
coating system consisting of a copolymer and a catalyst
developed by Pacific Corrugated Culvert Company and
marketed under the nomenclatures of Terrasliield and
Raceway.

Terrashield -- a thin coating proposed for use on
the exterior of corrugated pipe to
protect the pipe from corrosion.

Raceway —- a heavy invert paving which covers 15%
of the pipe periphery and f£ills the
corrugations, proposed for use to protect
the pipe invert from abrasion.

4. Hot applied asphalt == currently the most popular coating
used as protection against corrosion and abrasion of culvert

pipe.

Four tests were used to evaluate the coatings:
(8 Abrasion test.
B. Plate bending test.

C. Ring deflection test.
D. Salt Spray (Fog) test.
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All"corrugated pipe sections and flat plates used in the following
tests were 16 gage galvanized steel complying with the requirements
of AASHO Designation: M36. Corrugations in pipe and sheets had a
pitch of 2-2/3 inches and a depth of 1/2 inch.
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IX. SUMMARY

Abrasion tests were conducted using a fine aggregate (minus No. 4)
charge for thin corrosion protective coatings and a heavier coarse
aggregate (3/8" x 1/2") for abrasion of thick invert paving materials.
The use of 3/8" x 1/2" aggregate was chosen as an abrasive charge to
evaluate invert paving materials as this size of charge was considered
more representative of an abrasive stream bed load. For conditions
where a protective coatihg is required on the interior of a pipe

due to a corrosive effluent rather than an abrasive bed load, a

finer aggregate was considered more representative, and was used

as an abrasgive charge for evaluating corrosion protective coatings.

Where the fine aggregate was used, a good indication of corrosion
coating wear was achieved when coated corrugated steel plate specimens
were allowed to turn in the abrasion drum at 5 fps for approximately
500,000 revolutions. Fox the invert paving specimens, the same

drum speed was employed but only 121,580 revolutions were necessary

to determine wear characteristics using the heavier aggregate as

an abrasive charge.

Average abrasion thickness losses and percent wear for 500,000
revolutions calculated for the three types of corrosion coating
specimens shown in Tables 3 through 6 are as follows: Nexon
(.0055" -28.6%), asphalt (.0122" -14.8%) and Pioneer Culvert
Mastic (.0207" -32.5%). Percent wear is shown as the applied
coating thickness varied for the different materials under
evaluation.

Results of the abrasion tests performed on the two invert paving
materials shown in Table 7 indicate that after 121,580 revolutions,
Copoly~X Raceway coated specimens have an average thickness loss
of .031" and 19.2% wear, and portland cement mortar-lined pipe
specimens, .086" and 17.4% wear.

Plate bending tests were performed only on the thin corrosion
protective coatings of Nexon, asphalt, Pioneer Culvert Mastic,
and Copoly-X Terrashield. Specimens, consisting of 2" x 6"
coated flat plates, were bent slowly around a one inch diameter
mandrel until either cracks were noticed or a 90° angle was
reached. Asphalt, Pioneer Culvert Mastic, and Nexon specimens
could be bent to 90° without cracking; however, both sets of
Copoly-X Terrashield specimens developed cracks at small angles =
less than 20°, '

Ring deflection tests were performed on all coatings. Corrugated
pipe sections, eighteen inches in diameter and twelve inches loag
coated with various protective materials, were deflected 5 percent
of their original diameter. Cracking did not occur on any samples
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 coated with asphalt, Nexdn, or Pioneer Culvert Mastic, however,
sample coatings of Copoly~X Terrashield and Raceway did crack.

Corrosion experiments were limited to specimens subjected to
the salt spray (fog) test. Nexon, asphalt, Pioneer Culvert
Mastic, and Copoly~X Terrashield coated specimens were all
subjected to a minimum of 4400 hours of salt fog testing.

Asphalt coated corrosion specimens exhibited a loss of adhesion
between the asphalt coating and the flat or corrugated galvanized
steel plate, but little visible corrosion was present. Nexon and
Pioneer Mastic specimens were noted for their exceptionally good
bond qualities and from the tests performed are expected to
perform at least as well as asphalt in preveating corrosion. The
1/2 mil paint type coating on the opposite side of Nexon specimens,
which had allowed extensive visible corrosion to occur, and the
Copoly-X Terrashield coating which had also permitted significant
corrosion, are not expected to protect corrugated metal pipe as
effectively as asphalt.
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III. CONCLUSIONS AND RECOMMENDATIONS

A series of tests performed on the various coatings in this
program provides a reasonable means of evaluating the over-all
performance of a new culvert coating material. The abrasion

test developed during the course of this project seems to give

a good indication of the relative wear resistance of the coating
tested, and the aggregate size can be varied to achieve the
desired wear rate depending on the coating type and thickness.
Based on the abrasion testing conducted in this research program,
a coal tar-based laminate produced by U. S. Steel Corporation and
called Nexon showed the best wear resistance. The wear resistance
of hot applied asphalt was the next to best of the coatings tested
followed by a cold applied asphaltic emulsion produced by

Daubert Chemical Company and called Pioneer Culvert Mastic. The
Nexon coating abraded uniformly and lost considerably less material
in the abrasion tests than the other coatings. The percent wear,
based on the ratio of coating thickness loss to the original
coating thickness, was slightly higher than for the asphalt

as the applied coating was considerably thinner. The asphaltic
materials did not wear as uniformly and tended to cold flow under
the action of the abrasive charge resulting in thick and thin
spots remaining in the coating upon conclusion of the abrasion
tests. The Pioneer Culvert Mastic tested produced only about
one-half the resistance to abrasion as the hot applied asphalt.

The plate bending tests and the ring deflection tests were effective
in determining the brittleness, bond, and flexibility of a coating.
All coated specimens could be bent easily and deflected without
cracking with the exception of the Copoly-X specimens.

The Salt Spray (Fog) Test, outlined in ASTM Bll7, has already

been established as a test to evaluate corrosion xesistance of
numerous materials. All specimens were subjected to a minimum

of 4400 hours in the fog chamber. From the results of the Salt
Spray (Fog) Test, Nexon and Pioneer Culvert Mastic are expected

to perform at least as well as asphalt in preventing ceorrosion.
Due to the significant corrosion which was present on specimens
coated with Copoly-X Terrashield and on the opposite side of

Nexon coated specimens, neither the Terrashield coating nor the
1/2 mil yellow corrosion-resistant coating applied to the copposite
side of Nexon coated specimens can be expected to inhibit corrosion
as well as asphalt. In special cases it may be desirable to
thoroughly evaluate effects from additional chemicals known to

be present in discharge water by conducting additiocnal tests.

Based on the results of the tests performed on the various
coatings evaluated in this program, Nexon was found to be an
acceptable material for use as a protective cocating for
corrugated metal pipes as an altexnate material to a hot applied
asphalt coating. It provides good corrosion protection and

-5
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adequate abrasion resistance for use inside of pipes where a

coating in addition to zinc spelter is required. Its use inside
of pipes would be restricted to those areas where highly abrasive
conditions do not exist without further testing to define its
ultimate abrasion resistance. The 1/2 mil yellow corrosion
resistant paint used on the opposite side of Nexon coated pipes
was found not to equal the corrosion protection offered by
asphalt and should be used only when there is little or no
corrosion expected to occur on the pipe exterior.

A cold applied asphaltic mastic known as Pioneer Culvert Mastic
is considered an acceptable coating to protect the exterior of
corrugated metal pipes from corrosion. It is recommended that
it be allowed as an acceptable alternate material to hot applied
asphalt in equal thickness for all applications where metal is
required to be coated to protect it from corrosion. This mastic,
however, is not considered equivalent to asphalt to protect the
interior of pipes unless abrasion is not a factor in material
selection.

Neither of the Copoly-X materials tested in this program -
Terrashield and Raceway =- is considered acceptable material
where its function is to protect against corrosion. The
Raceway material was found to possess excellent abrasion
resistance and would be an acceptable invert paving material
where interior pipe corrosion would not be a consideration or if
cracks that formed in the material or at the interface of the
paving and the pipe from handling or construction could be
adequately sealed. It may also be an acceptable invert paving
material if placed after completion of pipe installation to
preclude cracking.

Through this research projéct, the evaluation tests used were
found to be excellent tools to investigate new protective coat-
ings and should be adapted as standard tests.,

The evaluation of wear characteristics and corrosion protection
and comparisons of the various protective coatings made from
results of laboratory tests presented in this report need to be
verified by actual performance records before any definite service
life or field performance can be determined. On the basis of

the work reported herein, it is recommended that a standard
laboratory test method be prepared so that any further new
coatings might be evaluated for use in the same manner.

-G
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IV, TEST PROCEDURES AND TECHNICAL DISCUSSION

A, Abrasicon Test:

In the case of Nexon, Copoly-X (Terrashield and Raceway), and
asphalt coated test specimens, sample preparation involved
cutting plates of the shape shown in Figure 1 with a band saw
from 18 inch diameter helically corrugated and coated pipe
samples received from manufacturers. Pioneer Culvert Mastic
#1008 was applied in the laboratory by brush to clean galvanized
corrugated pipe specimens as near to a .060 inch minimum thick-
ness as possible. Specimen thicknesses of the various materials
were measured with a micrometer. Coating thicknesses were
calculated from the total specimen thicknesses and were based
on a 16 gage galvanized corrugated steel sheet thickness of
.0635 inches. Coating thicknesses of specimens were found to
have the following ranges:

Nexon = .01l6" to .024" (supposed to be ,020")

Pioneer Culvert Mastic «035" to 113"

« 027" to .064"
«150" to .1l82"

Copoly=-X (Terrashield)
(Raceway)

|

Asphalt = .043" %o ,089"

Manufacturers of various coatings specified that coating thick-
nesses should be within the following limits:

Nexon = From .0lO0" to ,020" + .0O1"

i

Pioneer Culvert Mastic « 060" (minimum)
020" 4 ,005"

Copoly=X (Terrashield) +
.125" + ,010"

(Raceway)

Asphalt = ,050" (minimum), AASHO Designation: M190

Abrasion tests were conducted by bolting specimens cut from the
wall of helically corrugated metal pipe in a steel drum, 24
inches in diameter and 8 inches wide, shown in Figure 2. The
specimens were placed parallel to and in the proximity of the
barrel of the drum. The helically corrugated specimens were
fastened in the drum in such a manner as to duplicate the

- orientation of the corrugations to the axis of a pipe in place.
Preliminary tests were conducted to determine the type and
amount of aggregate to be used as an abrasive, the proper speed
of the drum, and the appropriate amount of water to add with the
aggregate.
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- Two initial tests were run. For both tests a charge of 3/8" x
1/2" Fair Oaks river-run aggregate (7 lbs.) and 59 pounds of
water were added to the drum. Specimens revolved inside the
drum at a peripheral speed of 3.65 fps. This speed approximated
that used in Bureau of Reclamation research, specified in Reporxt
No. P-93, Erosion Studies of Pipe Lining Material - Third Progress
Report of June 1963. ‘The first initial test run with four
specimens, one each of asphalt, Nexon, Copoly-X Terrashield, and
Pioneer Culvert Mastic #1008, were abraded for 174,312 revolutions,
when the asphalt specimen had just begun to f£fail. Intermediate
thickness measurements were made at 49,022 revolukions, when it
was observed that the Pioneer Culvert Mastic specimen had already
failed due to an insufficient coating thickness. For the second
initial test run two additional Pioneer Culvert Mastic specimens
were prepared with thicker coatings and were abraded, using the
same speed and amounts of water and aggregate, for 103,015
revolutions. It was observed that one of the mastic coated
specimens had failed after this period of abrasion.

All covating thicknesses of specimens were measured at appropriate
times during both initial abrasion tests. Thickness measurements
were made with a micrometer and were taken at 14 different
locations on the corrugated plate specimen as shown in Figure 1.

The ‘initial number of specimens tested was very limited but
results indicated that the test method was realistic and practical.
One shortcoming of the initial method of testing was observed.

Due to the large size of aggregate used as an abrasive agent, it
was noted that the hard Copoly-X Terrashield material tended to
chip rather than wear smoothly, and the softer asphalt and Pioneer
Culvert Mastic specimens were being kneaded rather than abraded.

As this action would not be expected to occur in £ield installations
when abrasive conditions are such that a paved invert would not be
required, a decision was made to conduct further tests using an
aggregate charge consisting of a typical portland cement concrete
sand to measure the abrasion resistance of the thin corrosion
protection coatings.

Results from initial tests indicate that the abrasion resistance
of the four corrosion protection coatings follow a definite
pattern: (1) Nexon wears best, followed by (2) asphalt, (3)
Copoly~X Terrashield and finally (4} the Pioneer Culvert Mastic
#1008,

Tables 1 and 2 show the coating thicknesses at various points
during initial abrasion tests using the 3/8%" x 1/2" abrasive
charge. After the completion of initial tests, Pacific
Corrugated Culvert Company discontinued marketing Copoly-X
Terrashield as a protective coating to be used on the inside of
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corrugated metal pipes. Hence, no Copoly-X Terrashield coated
specimens were used in later abrasion tests with concrete sand
following the initial test runs shown in Tables 1 and 2.

Five additional abrasion test runs were performed so that the
loss of coating thickness could be determined more accurately

and a more representative abrasive charge could be used as
explained previously. One specimen of asphalt, Nexon, and
Pioneer Mastic were abraded in each of the first three additional
test runs. Four specimens of Pioneer Mastic were used in the
fourth additional test. These four test runs were conducted using
7 lbs. of minus No. 4 Bear River fine aggregate, and 35 pounds of
water., The gradation of the sand complied with the requirements
of Section 90-3.03, Fine Aggregate Grading, of the 1972 Standard
Specifications.

Pulleys on the drum and motor were adjusted to provide a peripheral
speed of 5 fps at the surface of the test specimens for these last
five test runs.

Thickness measurements were again made with a micrometer, but

were taken at 12 different locations and only on the wear surfaces.
Figure 3 shows pcositions of micrometer readings for additional
tests 1 through 4.

Results of these tests are shown in Tables 3, 4, 5, and 6. The
relative abrasion resistance was noted with Nexon wearing best,
followed by asphalt, then Pioneer Culvert Mastic.

A fifth additional abrasion test was run to compare Copoly-X
Raceway to portland cement mortar-lined corrugated metal pipe.
Mortar-lined pipe specimens were prepared by painting corrugated
steel plates with an epoxy used for bonding fresh concrete and
then troweling pipe lining mortar onto the plates. The mortar
was made using a 2=-1/2:1 sand-cement ratioc. The mix contained
5675 grams of sand, 2270 grams of Type Il modified cement and
750 ml of water., The sand used was a No, 4 maximum, well graded,
Fair Oaks sand conforming to Bureau of Reclamation mortar sand
grading limits. The mortar-lined pipe specimens were fog cured
for 7 days prior to testing.

A 7 pound charge of 3/8" x 1/2" Bear River river-run aggregate
and 35 pounds of water were added to the drum containing 2
specimens of both Raceway and mortar-lined pipe. The four
locations where thickness measurements were taken are shown in

- Figure 4. Measurements were made before and after the test.
The Raceway material seemed to abrade slower than the mortar-
lined pipe. Table 7 shows wear characteristics of the specimens.

It should be recognized, however, that the abrasion resistance of
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wﬁéf%laﬁd”ééménéﬁch&iété”imprcves with age or strength gain, thus

the' comparison shown may not be as favorable with well cured mortar
specimens.

AL Summary of Abrasion Test Results

From the abrasion tests conducted, it was evident that Nexon had
by far the best wear resistance of all specimens tested. It
wears slowly whether a coarse aggregate or a fine aggregate is
used as an abrasive material. The very little extra weight which
the Nexon coating adds to the pipe, a smooth, clean surface, and
a uniform coating thickness are factors which make this material
very desirable for handling and use.

The asphalt coating did a satisfactory job as an abrasion protector
when a fine aggregate was used as an abrasive; however, a coarse
aggregate seemed to knead the asphalt, causing it to ripple and
flow on the heavily impacted corrugated surface. This kneading of
the asphalt ceoating is believed to contribute to failure of the
coating and exposure of the zinc coated metal. Asphalt specimens
were generally messy to handle and cut, the coating added
considerable weight to the pipe, and the uniformity of the coat-
ing -thickness left much to be desired.

Of the specimens tested, the mastic produced by Daubert Chemical
Company seemed to abrade the quickest, and in all cases failed
before the other specimens. As observed in the asphalt specimens,
a kneading action took place. This material seems to require at
least 3 days to cure, and like asphalt is quite messy to handle
and apply. The material is a mastic, and the volatiles which
evaporate when the material is drying may prove dangerous if
large amounts of the mastic are applied in a confined area.
Spreading the mastic to an adequate, even thickness may prove

to be difficult. However, with the use of proper eguipment and
application techniques, this may not prove to be a serious
problem,

Average thickness losses for all specimens were calculated from
Tables 3, 4, 5, 6, and 7 by taking the one largest thickness

loss measurement from each of the four groups of the three
consecutive measurement locations (see Figure 3) and summing
these four measurements, then dividing by 4 and multiplying the
resulting average thickness loss by 500,000 divided by the number
of revolutions for that sample. As an example, calculations

for the Nexon specimen in Table 3 are shown below:

{.009"™ + 007" + .007" + .004") x 500,000

4 503,763

avefage coating thickness loss per 500,000 revolutions. The
abrasion tests were discontinued at about 500,000 revoclutions

as at this point the coating on the mastic specimens was gone
in one or more locations.

= L0067", the

-10-
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From Tables 3, 4, and 5, individual specimen thickness losses,
average thickness losses and average percent wear were calculated
for the different coatings. For individual asphalt specimens
having thickness losses of ,0094", ,0127", and .01l46", the average
thickness loss for the three specimens was ,0122" and the average
percent wear was l4.8. For three Pioneer Culvert Mastic specimens
individual thickness losses were ,027", .0298", and .0286", the
average thickness loss was ,0285", and the average percent wear
was 57. Individual Nexon specimen thickness losses were .0067%,
.0037%, and .006", and the average thickness loss was .0055"

with an average percent wear of 28.6. Above calculations are
based on 500,000 revolutions at 5 fps using minus No. 4 aggregate
as an abrasive. .

From Table 6 Pioneer Culvert Mastic specimens were found to have
individual thickness losses of .0103", .0262", .005", and .0l05"
per 444,778 revolutions. The average thickness loss for these
four specimens is .01l3" and the average percent wear is 17.4.

Individual specimen thickness losses calculated from Table 7
were found to be .101" and .071" for the pipe lining mortar,
having an average thickness loss of ,086" and a percent wear
of 17.4, and .031" and .03l" for Copoly-X Raceway specimens,
having an average thickness loss of .031l" and a percent wear
of 19.2. Calculations from Table 7 are based on 121,580 rev-
olutions at 5 f£ps using 3/8" x 1/2" aggregate as an abrasive
charge. The test was arbitrarily discontinued at this point as
significant wear of the mortar on the mortar-lined specimens
had occurred during this period of time. Any further abrasion
would have resulted in loss of the coarse sand in the mortar
coating. '

B. Plate Bending Tests

Plate bending tests performed on 2" x 6" flat galvanized sheet
stock coated with the four corrosion-protection coating materials
are considered good indications of f£lexibility and bond strength
of the coating. Specimens were tested by clamping one end of a
plate in a vise and bending the plate around to 1 inch diameter
mandrel. Specimens were slowly bent as far as possible until
either cracks appeared or a 90° bend was achieved. Specimens

of asphalt, Pioneer Culvert Mastic, and Nexon all could be

bent easily to 90°., 8Six initial specimens of Copoly—X
Terrashield with an average coating thickness of .033 inches
developed cracks after plates were bent between a 6° and 9°
angle. Additional modified Terrashield specimens were received
and tested. The average coating thickness of additional
specimens was .018 inches., These specimens developed cracks
between a bend angle of 15° and 19°. This indicates that with

a thicker coating, cracking would occur at a bend angle of less
than 15°, This brittleness may be undesirable for a coating

for a flexible pipe.

=ll-
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C. "Ring Deflection Test

Ring deflection tests were conducted on cylindrical sections of
coated or paved pipe 12 inches long and 18 inches in diameter.
The pipe was helically corrugated. The purpose of these tests
was to determine if the coatlngs had sufficient flexibility to
accommodate deflections of pipe due to backfilling operations,
ellipsing during fabrication, and various dead or live loads
imposed on the pipe without any cracking or bond failure of the
coatlng. A deflection of 5% was chosen as corrugated metal
pipes can take this amount of deflection without jeopardlzlng
the structural- 1ntegr1ty of the conduit and may receive this
amount of deflection in service. Thus it is felt that any
coating system should be capable of taking this amount of
deflection without any evidence of cracklng or delamination of
the coating from the pipe.

Two wooden forms were constructed to conform to the curvature
of the pipe, so that loads could be evenly distributed over
the length of the pipe. The apparatus is shown below.

RING DEFLECTION TEST APPARATUS

-12=
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A dial gage was used to measure vertical deflections. Calipers
were used to measure horizontal deflections. Samples were
deflected 5% of the inside diameter by vertical loading in a
testing machine. A load was applied and the behavior of the
coating was observed under bending stress at .1 inch vertical
deflection intervals. As expected, samples coated with Nexon,
asphalt, and Pioneer Culvert Mastic showed no signs of cracking
or delamination from the metal. Results from a number of tests
conducted on pipe coated with Copoly=X Terrashield and Raceway
are discussed below:

FPour preliminary samples coated with Terrashield and/or paved
with Raceway were tested. The first sample tested was coated
on the inside and outside of the pipe with Terrashield. The

invert was paved with Raceway.

Initial separation between the Raceway and pipe (small cracks about
010 inches in width) was noticed along the Raceway edges during
the ring deflection tests. From 0 to .3 inches vertical deflection,
no apparent changes took place. At .4 inches deflection, further
separation of the Raceway from the pipe was observed. No othexr
cracks were noticed on the outside or inside coating. At .5 inches
deflection, cracking and separation along the Raceway border
continued. No other visible cracks were present., At .6 inches
deflection hairline cracks in the wvalleys of outside corrugations
at mid-length of the pipe specimen and along the pipe sides had
begun. Raceway cracking continued. At .7 inches deflection, the
small cracks on the outside of the pipe had lengthened slightly.

At .8 inches deflection, the small hairline cracks on the outside
of the pipe {(in valleys of corrugations) had increased in numbers.
More cracks were apparent on one side than on the cother. The

thick Raceway coating had a fine crack down the center and along
one corner through the entire thickness. At .9 inches deflection,
more small cracks were noted on the sides with the condition of

the Raceway being about the same.-

After completing the deflection test, the first sample was removed
from the machine and dropped onto an asphalt surface from a five
foot height. The Raceway coating in the invert separated completely
from the pipe section and broke into 3 pieces, indicating a weak
bond between the Raceway primer and zinc coating.

The second sample tested was paved in the invert only with Raceway.
Before testing, two fine cracks were present along the seam of
the Raceway and pipe. When a wvertical deflection of .3 inches

. was reached, these cracks had widened slightly. At .5 inches the
width of the cracks had increased to approximately 1/8 of an inch.
From a vertical deflecticn of .5 inches to .9 inches, the crack
widths grew to approximately 3/16 of an inch.

=13~
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~ The thifd'éamﬁfé‘ﬁaéﬁéoaﬁed with Terrashield on the cutside of the

pipe only. With a vertical deflection of .4 inches, small cracks
were noticed in the wvalleys of the corrugations on the outside of
the pipe at the spring line. At .5 inches deflection, the cracks,
about .003 inches wide in the corrugation valleys, lengthened
slightly. The crack widths increased to .005 inches at .6 inches
vertical deflection. At .7 inches vertical deflection, cracks
widened to about .01l0 inches and remained constant to .9 inches
deflection.

The fourth sample was coated with Terrashield only on the inside
of the pipe. No major failures of coating were noticed while
loading the sample. At ,8 inches deflection, a small crack along
the invert was noticed. The crack did not appear to grow as the
deflection increased to .9 inches. The width of the crack was
about ,003 inches.

After completing ring deflection tests on the first four samples
of the Terrashield and Raceway material, Pacific Corrugated
Culvert Company manufactured nine new samples and these were
submitted for further ring deflection tests. The nine additional
ring deflection tests revealed that cracking was still a problem
with their material.

Three samples of the nine were coated on the ocutside only with
Terrashield. When these first three samples were tested, the
Terrashield coating showed hairline cracks in the valleys of the
corrugations on the sides of the samples, similar to those which
had appeared on initial samples.

Thenext three samples tested had Raceway paving in the invert
of the pipe only. In all cases small cracks developed along the
borders of the Raceway as well as larger c¢racks developing in
the Raceway coating itself,

The ‘last three samples were coated on the outside with Terrashield
and ‘had inverts paved with Raceway. Cracks appeared in the
valleys of the corrugations on the cutside Terrashield coating

and also appeared along the edges of the Raceway coating. Very
few cracks appeared in the Raceway coating itself.

C.l Summary of Ring Deflection Tests

Summarizing ring deflection tests, all asphalt, Nexon, and
Pioneer Culvert Mastic coatings bent easily, without showing
any signs of cracking. Both initial and modified samples of
Copoly~X Terrashield and Raceway coatings developed cracks and
appeared to be too brittle to be subjected to the wear and abuse
received from normal transportation and handling of corrugated
metal pipe. The Copoly-X Raceway material may be satisfactory

if placed after completion of a pipe installation to preclude
cracking.
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D. Corrosion Test, Salt Spray (Fog) Test

Galvanized steel specimens protected by each type of coating were
subjected to a corrosive environment by placing them in a fog
chamber in accordance with the procedures as outlined in ASTM
B11l7, Standard Method of Salt Spray (Fog} Testing.

Specimens coated by each of asphalt, Nexon,-and Pioneer Culvert
Mastic were subjected to 4511 hours of testing. Copoly=X
Terrashield specimens were tested for 4457 hours. All specimens
were studied after removal from the fog chamber and the following
observations were made:

1. Asphalt:.

Specimens consisted of three flat, rectangular, 6" x 12"
plates coated on both sides and edges with asphalt of an
average thickness of 0.060 inches. The specimens were asphalt
coated hy the hot dip process.

Visible evidence of corrosion was limited to a small band
about 1/2 inch wide around the periphery of the specimens.
Small white streaks, known as white rust or zinc oxide, were
observed on the coating surface along the edges, and indicated
that underfilm corrosion had taken place. The asphalt

bond to the metal plates was poor on all specimens, and

the entire coating could be peeled intact from the metal
plates. However, a thin film of asphalt remained on the
metal surface after the asphalt layer had been peeled which
prevented any visible corrosion, other than the bhand around
the edges of the plates, from occurring.

2, Pioneer Culvert Mastic #1008:

Specimens consisted of three flat, rectangular, 6" x 12"
plates coated on both sides with Pioneer Mastic of an av~
erage thickness of 0.063 inches. Two additional 12" x

12" corrugated plates, coated with mastic on one side only,
were also tested. Edges of all specimens were protected
with Pioneer mastic or a silicone sealer.

Corrosion similar to that observed along edges of asphalt
specimens was present on all plates coated with mastic.
Bond was poor along the periphery of all mastic specimens
due to some underfilm corrosion. With the exception of
visible underfilm corrosion and bond loss which was limited
to the specimen edges, the Pioneer mastic had excellent
bond to the metal, unlike the asphalt coating which easily
peeled from metal plates, and provided good protection

to the metal against corrosion. Pioneer Culvert Mastic
can be expected to perform at least as well as asphalt

in preventing corrosion.
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7 Nexon Coatings:

Specimens consisted of three 6" x 12" corrugated plates
which were cut from a 30 inch diameter culvert pipe with
an abrasive disc. One side of each plate was coated with
an average thickness of 0.022 inches of Nexon and the op=-
posite side was painted with a 1/2 mil thick corrosion
resistant paint coating. The edges of Nexon specimens
were not coated.

Zinc oxide or white rust streaking across the Nexon plate
surface was extensive because of a lack of edge protection.
Edge undercutting corrosion was apparent on all Nexon spec-
imen surfaces due tec the lack of edge sealing and was about
equal to that of Pioneer mastic specimens, unbonding the
Nexon coating within an approximate 3/4" strip along the
perimeter of all specimens. With this exception the bond

of the Nexon was excellent and the material provided ad-
equate protection to the substrate from corrosion., Extensive
underfilm corrosion was evident on the galvanized metal
surfaces where the 1/2 mil corrosion resistant paint coating
had been applied. The corrosion protection provided by

the Nexon coating is at least equal to that of asphalt.
However, the corrosion protection offered by the 1/2 mil
thick paint coating, which was applied to the exterior
surface of the pipe furnished for testing, is expected

to be less than that of asphalt.

4, Copoly—-X Terrxashield Coating:

Specimens of Terrashield included nine flat 6" x 12" plates
and three 12" x 12" corrugated plates. Four of the nine

flat plates were cross=scratched in accordance with Section
4.4 of ASTM Bll7 to test for underfilm corrosion. A corrxosion
resistant paint was applied to the bottom side of all plates
with the top side, as viewed in the Salt Spray Chamber,
covered with Terrashield.

All specimens were exposed for 4457 hours in the fog chamber,.
With the exception of four flat plates, small round areas

of the Terrashield coating had blistered and separated

from the metal plate in numerous places. This bubbling

of the Terrashield coating and presence of underfilm corrosion
indicates that Terrashield as tested is not equal to asphalt
as a corrosion protective coating.

D.l Summary of Corrosion Tests

Specimens of each type of coating were tested for a minimum of
4400 hours in the fog chamber. Bond failure was present on all
asphalt coated specimens, but little visible corrosion was
present, All specimens appeared to be most vulnerable to
corrosion along edges where the original coating material was
not present or where additional coating material applied to
edges was perforated. This is not unexpected as it is difficult
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to seal the edges and this occurrence should not be construed as
indicating a deficiency in the coating tested. Nexon and Pioneer
Culvert Mastic coatings were found to perform at least as well as
the asphalt in preventing corrosion. Substantial corrosion was
present on Copoly-X Terrashield coated specimens and also on the
opposite side of the Nexon specimens which had been coated with a

. 1/2 mil of yellow, corrosion-~resistant material. These two coat-
ings did not prevent corrosion as well as asphalt.
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Vi, APPENDIX

TABLES
Initial abrasion test results -~ 4 specimens one each
of Nexon, Copoly~X Terrashield, Pioneer Culvert Mastic,
and asphalt.

Initial abrasion test results ~ 2 specimens of Pioneer
Culvert Mastic.

Abrasion test results - 3 specimens, one each of Nexon,
Pioneer Culvert Mastic, and asphalt.

Abrasion test results - 3 specimens, one each of Nexon,
Pioneer Culvert Mastic, and asphalt.

Abrasion test results - 3 specimens, one each of Nexon,
Pioneer Culvert Mastic, and asphalt.

Abrasion test results - 4 specimens, Pioneer Culvert
Mastic.

Abrasion test results - 4 specimens, two each of
Copoly-X Raceway and pipe lining mortar.
FIGURES

Initial abrasion test specimen dimensions and thickness
measurement locations.,

Abrasion testing machine.

Additional abrasion test specimen dimensions and
thickness measurement locations.

Copoly-X Raceway and pipe %ining mortar specimens --—
dimensions and thickness measurement locations.

Various test specimens.
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-z;;;W1d/frﬁbxﬁu’7%dunw5: _7%¢£nas'6&gyz Percent Wear
of Coatrng, wehes {inches , 103,005 reys| #or 703, 0/5 revs.
on soecmen | ST Homr | i 2| e o) S Syl s
. : f .137 2022 -.113 failed 83% 106%
Z .061 .049 -.025 41%
3 .054 .034 -.031 57%
p .061 | .046 |-.052 85%
5 105 | .069 |-.072 693
& . 049 . 050 +.003 6%
7 .037 .027 -.037 100%
2 .138 .037 {-.011 80%
9 .052 .023 -.040 77%
/0 .045 | .033 §-.035 78%
/7 .035 .049 -.029 83%
/2 .108 .054 §-.078 72%
3 .058 .050 [-.020 | e 293
L Jd .048 .027 -.048 failed 100% 100%

i TABLE 2. INITIAL ABRASION TEST 'RESULTS
2 specimens of Pioneer Culvert Mastic
Specimen peripheral speed: 3.65 fps
Aggregate charge: 7 lbs. of 3/8" x 1/2" Fair Oaks

_ river-run aggregate
Water charge: 59 lbs.
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TAﬁLE 3. ABRASION TEST RESULTS

3 specimens, one each of Nexon, asphalt, and Pioneer
Culvert Mastic

Specimen peripheral speed: 5 £ps

Aggregate charge: - 7 lbs. of minus No. 4 well graded
Bear River fine aggregate

Water charge: 35 lbs.
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3 specimens, one each of Nexon, asphalt, and Pioneer
Culvert Mastic

Specimen peripheral speed: 5

Aggregate charge:

Water charge:'

35 lbs.

7 lbs.

fps

of minus No.
Bear River finé aggregate

4 well graded
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3 specimens, one each of Nexon, asphalt, and Pioneer
Culvert Mastic

Spec1men peripheral speed: 5 fps
Aggregate charge:

Water charge: 35

7 1bs. of minus No. 4 well graded '
Bear River fine aggregate
lbs.
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4 spec;mens, 2 each of Copoly-x Raceway and mortar
lined pipe

Specimen peripheral speed:
Aggregate charge:

Water charge:

5 fps

7 1bs. of 3/8" x 1/2" Bear River

"river-run

35 1lbs.

aggregate
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Bed load direction

FIGURE 1

Initial abrasion test specimen sizes
and. thickness measurement locations.
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FIGURE 2

Abrasion Testing Machine
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FIGURE 5

INITIAL ABRASION TEST SPECIMEN
Pioneer Culvert Mastic, .025 inch initial coatlng
thickness with 49,022 revolutions at 3.65 fps,
3/8" x 1/2" coarse aggregate abrasive charge.

FIGURE 6

INITYAL ABRASION TEST SPECIMEN
Hot-dipped asphalt, .075 inch initial coating
thickness with 49,022 revolutions at 3.65 fps,
3/8" x 1/2" coarse aggregate abrasive charge.
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FIGURE 7"
" INITIAL ABRASTION TEST SPECIMEN
Copoly—X Terrashield, .045 inch initial coating
thickness with 49,022 revolutions at 3.65 fps,
3/8"™ x 1/2" coarse aggregate abrasive charge.

' FIGURE 8 :

'New specimen of Copoly-X Raceway
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FIGURE 9

Initial abrasibn test Copoly-X Terrashield specimen
(left) and new 00poly—X Terrashield specimen {(right)
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FIGURE 10

INITIAL ABRASION TEST SPECIMENS
.018" Nexon (left), .075" Asphalt (center), and
.018" Copoly-X Terrashield (right) all with
174,312 revolutions at 3.65 fps, 3/8" x 1/2"
coarse aggregate abrasive charge.
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FIGURE 11

ABRASION TEST SPECIMENS
Asphalt (left), Pioneer Culvert Mastic {center)
and Nexon (right) with 503,763 revolutions at
5 fps using minus No. ¢ fine aggregate as an
abrasive charge (see Table 3).

FIGURE 12

ABRASION TEST SVPECIMENS
Asphalt (left) and Pioneer Culvert Mastic (right)
-(see Table 3)

3
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FIGURE 13

‘ ABRASION TEST SPECIMENS
Asphalt (left) and Pioneer Culvert Mastic (center),
and Nexon {right) with 501,100 revolutions at 5 fps,
using minus No. 4 fine aggregate as an abrasive
charge (see Table 4).

" FIGURE 14

ABRASION TEST SPECIMENS
Asphalt (left) and Pioneer Culvert Mastic (right)
: (see Table 4)
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FIGURE 15

. ABRASION TEST SPECIMENS
Asphalt (left) and Pioneer Culwvert Mastic (center),
and Nexon (right), using minus No. 4 fine aggregate as
an abrasive charge (see Table 5).

FIGURE 16

ABRASION TEST SPECIMENS
Asphalt (left) and Pioneer Culvert Mastic (right)
(see Table 5)
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EiGURE-l?g

Pioneer Culvert Mastic Abrasion Test Specimens
with 444,778 revolutions at 5 fps, using
minus 4 fine aggregate as an abrasive charge
{see Table 6)
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FIGURE 18
Copoly-X Radéyay abrasion test speciméns, left and
center; tested for 121,580 revolutions at 5 fps
‘using 3/8" x 1/2" coarse aggregate as an abrasive
charge. Right specimen - new (see Table 7).

FIGURE 19

Mortar-lined pipe abrasion test specimens, left and

center tested for 121,580 revolutions at 5 fps using

3/8" x 1/2" coarse aggregate as an abrasive charge.
* Right specimen - new (see Table 7).
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FIGURE 20

Plate bending test apparatus with bent Copoly-X specimen

Plate bending test
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FIGURE 22

Nexon Plate Bending Specimens

FIGURE 23

Copoly~X Terrashield plate bending specimens having
a .018" average coating thickness and bent at angles
between 15° and 19° showing small cracks across

4

. o © cénter of specimens.
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FIGURE 24

Copoly-X Terrashield plate bending specimens, havihg
a .033" average coating thickness and bent at angles
: between 6° and 9°.

" FIGURE 25.

Close—upJview of Copoly-X Terrashield plate bending
specimens in Figure 24 showing large cracks across
center of specimens.
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Ring deflection Copoly-X specimen
: and Form .

FIGURE 27

View of ring deflection Copoly-X specimen
during test
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FIGURE 28

View of ring deflection Copoly—X specimen
showing crack at Raceway-Terrashield border

FIGURE 29
‘Close view of crack along Raceway specimen edge at

.9 inches deflection during ring deflection test-
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FIGURE 30

Asphalt corrosion test specimens having
4511 hours in the fog chamber

FIGURE 31

Close view df-asphalt corrosion test specimen
" showing loss of bond
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"FIGURE 32

Pioneer'CulvertEMastic corrosion test specimens
‘having 4511 hours in the fog chamber

" FIGURE 33.

Cldseﬁ&iew‘of asphalt corrosion test specimen
showing extent of underfilm corrosion along edge
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Ploneer Culvert Mastlc corr051on test specimen
hav1ng 4511 hours in the fog chamber
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FIGURE 35

Copoly"x_Terrashield corrosion test specimens
having 4457 hours in the fog chamber

FIGURE 36

Close view of Copoly-X Terrashield speéiﬁén
' showing extent of blisters
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FIGURE 37

Nexon corrosion test specimens having 4511 hours
in the fog chamber. Center specimen is turned
upside down exposing the yellow epoxy painted surface

FIGURE 38

Close view of Nexon corrosiocn specimen showing
extent of underfilm corrosion along edge
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